In one district of Orissa state, we used the World Health Organization's Workforce Indicators of Staffing Need (WISN) method to calculate the number of health workers required to achieve the maternal and child health 'service guarantees' of India's National Rural Health Mission (NRHM). We measured the difference between this ideal number and current staffing levels.
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Objective In one district of Orissa state, we used the World Health Organization's Workforce Indicators of Staffing Need (WISN) method to calculate the number of health workers required to achieve the maternal and child health 'service guarantees' of India's National Rural Health Mission (NRHM). We measured the difference between this ideal number and current staffing levels.
Methods
We collected census data, routine health information data and government reports to calculate demand for maternal and child health services. By conducting 54 interviews with physicians and midwives, and six focus groups, we were able to calculate the time required to perform necessary health care tasks. We also interviewed 10 new mothers to cross-check these estimates at a global level and get assessments of quality of care.
Findings
For 18 service centres of Ganjam District, we found 357 health workers in our six cadre categories, to serve a population of 1.02 million. Total demand for the MCH services guaranteed under India's NRHM outpaced supply for every category of health worker but one. To properly serve the study population, the health workforce supply should be enhanced by 43 additional physicians, 15 nurses and 80 nurse midwives. Those numbers probably under-estimate the need, as they assume away geographic barriers.
KEY MESSAGES
Focusing on maternal and child care services, we used the Workforce Indicators of Staffing Need (WISN) approach to measure demand and supply for particular functions for each health cadre type, using facility-level routine data and interviews with health care providers.
Time standards in minutes were generated for each maternal and child health activity promised by the National Rural Health Mission (NRHM), standards that could be applied to other districts in India.
Our findings indicate that significant numbers of new health workers are required to deliver the services promised by the NRHM.
Background
Worldwide health workforce shortages have been identified as one of the primary threats to population health in low-income countries (Chen et al. 2004; Dreesch et al. 2005; Guilbert 2006 ). Nations seeking to improve population health services face daunting health workforce challenges.
India's commitment to health service improvements
India's national government rolled out a programme in 2005 to finance changes in the health system at the state level, known as the National Rural Health Mission (NRHM) (National Rural Health Mission 2005; Deolalikar et al. 2008; Mani 2008; Sharma 2009; MOHFW 2010) . The purpose of NRHM was to address the large variations in the health system and its performance from state to state, seeking to bring forward the states that had been lagging behind (Sharma 2009 ). The plan called for a package of service guarantees for each citizen (such as full immunization for each child and the capacity to deliver all babies in medical facilities), and created new categories of health workers and structures to deliver those services.
Means of measuring workforce needs
Various means have been established to calculate workforce shortages (Markham and Birch 1997; Daviaud and Chopra 2008) , but most health workforce planning uses a combination of practitioner-to-population ratios, historical patterns and professional judgment. More sophisticated analyses may use calculations of workforce size and mix through use of case-load profiling, acuity measures, queuing theory, production functions, treatment care standards or a combination of factors in regression analysis (Hornby et al. 1976; Lipscomb et al. 1995; Tucker et al. 1999; Hurst 2006; Hurst et al. 2008; Musau et al. 2008; Schoo et al. 2008) . The Workforce Indicators of Staffing Need (WISN) method was developed by the World Health Organization (WHO) to calculate optimal allocations and deployment of staff (Shipp 1998) . With WISN, the researcher calculates the staff time it would take to deliver a package of services for a given population. For example, if there are 80 000 newborns in a population each year, and it takes 7 minutes to vaccinate each 9-month-old child for measles, the staff time requirements to meet that obligation are a matter of simple calculation (80 000 Â 7 minutes). Total time required to vaccinate all children can then be divided by hours available per nurse per year to determine total nurses needed. Total nurses available can be compared with nurses needed to estimate the surplus or gap in staffing. We chose WISN because it is ideal for use in discrete geographic areas with a specific set of services (in our case, maternal and child health). The WISN approach allowed us to measure the demand and supply for a set of functions for each health cadre type, using facility-level routine data supplemented by interviews with health care providers. While it is time-intensive, compared with simple population ratios as an alternative, its results are reasonably precise and more helpful for planning and policy development. Similar approaches have been used in Tanzania and Kenya (Musau et al. 2008; Nyamtema et al. 2008) .
Alternatives to WISN have also been used to calculate workforce capacity. Hirschhorn and colleagues used a method to evaluate the effects of task-shifting among various health cadres for AIDS treatment in resource-limited settings (Hirschhorn et al. 2006 ). Faulkner has written about estimating psychiatric workforce requirements based on patient needs, and offers a simple formula for making calculations: (# patients needing care Â amount of treatment time required)/amount of time offered per psychiatrist ¼ number of psychiatrists required (Faulkner 2003) . Dreesch et al. (2005) have developed an approach to estimating human resource requirements based on time needed to address health deficits of the population. Hagopian et al. (2008) published a method to model workforce needed, by workforce cadre, to meet HIV treatment protocols in Mozambique. An unpublished 2004 WHO model offers a 'user guide' to increasing access to anti-retroviral therapy (ART) by assessing health workforce needs (Zurn et al. 2006) . A recent report from Uganda uses a workforce indicator method to calculate faculty requirements at a training institution (Kitanda 2008) .
The WHO has calculated a worldwide stock of 59.2 million health workers (defined as doctors, nurses, pharmacists) and, using a minimum ratio standard, estimates a shortage of 2.4 million providers. The World Health Report 2006 determined that a minimum ratio of 2.3 doctors, nurses and midwives per 1000 population was required, based on studies attempting to measure the ecological relationship between national workforce to population ratios and associated measures of vaccination coverage and attended birth rates (Guilbert 2006 Infant and maternal mortality rates in Orissa were last estimated to be 71 per 1000 live births and 358 per 100 000 live births, respectively (Office of the Registrar General 2007). The infant mortality rate for our study district of Ganjam was higher than the state average, at 86 (Rajan et al. 2008 ).
Purpose of this research
In 2008, the United Nations Population Fund (UNFPA) financed a programme to support civil society groups to build their capacity to evaluate the successes and shortcomings of the NRHM in meeting its service guarantee promises. The programme was carried out through a partnership between the Centre for Health and Social Justice, based in Delhi, India, and the University of Washington, based in Seattle, Washington, USA. Teams from 12 civil society health-focused organizations partnered with university faculty and India's Centre for Health and Social Justice to provide guidance in evaluation methods, and subsequently the Indian teams were mentored through their research processes. This paper represents the results of one of those projects.
The purpose of this paper was to use the WISN method to calculate the number of health workers in one district of Orissa state that would be required to achieve the maternal and child health 'service guarantees' of India's NRHM, and measure the difference between this ideal number and current staffing levels.
Methods
For this case study of health staffing levels in Ganjam District of Orissa State, we used calculation methods recommended in the WHO's WISN guide (Shipp 1998) .
We limited the focus of our analysis to maternal and child health (MCH) services, and restricted the health worker cadres to medical officers (doctors), staff nurses, lady health visitors, auxiliary nurse midwives, male health workers and laboratory technicians. Lady health visitors are a health worker category that oversees auxiliary nurse midwives. We further limited our analysis to 6 of 22 blocks in Ganjam District, and to 18 facilities within those blocks: six community health centres, six primary-care level health centres (known as 'new' primary health centres), and six sub health centres (known as sub-centres) that pre-date the newer category and include limited inpatient care. These facilities were selected in a purposive manner, as they were facilities with which the organization of one of our authors (MKM) had pre-existing relationships.
We restricted our focus to MCH services in part because census data create the opportunity to support accurate calculations, because specific cadres of health workers are aimed at this category of services, and because services in this area address an important Millennium Development Goal where progress has been lagging (United Nations 2010).
The steps in our analysis were relatively straightforward, although the size of the district and the multiple levels of health facilities required extensive calculations. We used interlocking Microsoft Excel TM spreadsheets, with separate worksheets for each geographic level in our analysis. Secondary data sources included the India Census (Government of India 2001), routine health information data from health units in Ganjam District, the Child Survival and Safe Motherhood (CSSM) register of health workers, the district's health 'program implementation plan', and a 2005-07 yearbook of 'special information on health infrastructure of Orissa'. We used data abstraction tools to gather both demand and supply data from these sources.
Primary data sources included 24 interviews with physicians, staff nurses, lady health visitors and laboratory technicians. We conducted six focus groups with auxiliary nurse midwives and an additional 30 interviews with them. We also interviewed 10 mothers who had delivered babies within 3 months of the interview date, using semi-structured interview guides and pre-formed focus group questions. The purpose of these interviews and focus groups was to calibrate our staffing standards assumptions (time requirements for each service delivery task), to assess the patient contact time available for each cadre in a year (supply calculations), to assess the proportion of time spent on maternal and child care, and to gather qualitative assessments of the adequacy of staffing.
The data collection team comprised a lead PhD-level researcher and 10 data collectors, all associated with the Human Development Foundation, a non-government organization. He was also part of the NRHM evaluation team trained in the UNFPA-funded programme conducted by CHSJ and the UW in Delhi, June and December 2008.
Discussions with district health officials were held prior to field collection to obtain permissions. Researchers obtained informed consent from all participants in interviews and focus groups, using standard consent agreements.
Demand calculations
We calculated the total demand for services that would be generated if all the promised MCH services were delivered. To calculate demand for MCH services, we estimated the total patient visit time required (under the provisions of the NRHM) to provide all MCH services for the study population for the period April 2007 through March 2008. Several tiers of calculations were made, and are enumerated below.
What components go into an MCH package of services?
To calculate demand, we catalogued all the services required to provide comprehensive MCH services, including pregnancy registration, antenatal visits, routine injections, laboratory tests, admission examinations, institutional delivery of all babies, management of complications of delivery, newborn assessment, cord clamping, occasional resuscitation, post-partum care, home visits post-delivery, well-child care (including immunizations). Additionally, NRHM promises family planning, management of childhood illnesses, adolescent care, school-based disease control, water quality monitoring, home visits, community needs assessments and generating vital records.
How much time does it take to deliver each service unit to one individual? We calculated normative time-based 'activity standards' using a combination of two sources: (1) the service standards in the WISN methods guide (Shipp 1998) , based on observations in Tanzania, Papua New Guinea, Kenya and Hong Kong, and (2) estimates of the time required to deliver a variety of MCH services, made by health providers in interviews and focus groups we conducted in Ganjam District (Kolehmainen-Aitken et al. 1990) . For example, the basic laboratory tests for pregnant women each require an amount of time: urine test, 10 minutes; stool test, 10 minutes; Hb blood test, 15 minutes; sputum test, 1 hour; HIV test, 1 hour. Medical doctors were assigned 15 minutes to supervise a delivery, assuming they were on site and available, and 1 hour per day to attend to critical care patients. Staff nurses were assigned 1.5 hours for assisting or conducting deliveries. Estimates of administrative activity time were also made for each cadre of health worker.
What is the total health worker time required to serve this population, by cadre type? The time requirements for each MCH service were multiplied by the relevant population size, to derive the total time required to serve the population by provider type. For some services, each person in the MCH population would be expected to receive the service (pregnancy registration), while for others we made estimates of how many would be expected to need the service (about 25% of children might need an assessment of whether pneumonia is present). The latter estimates were made by review of records at the clinics we observed.
In our case, an anchor figure in our calculations was the midyear population estimate for 2007-08, which lists 3.5 million residents in Ganjam District and 1.02 million in our study area. In our study area, there were 79 460 children aged between 0 and 1, which we used as an estimate of births that year. There were 1362 infant deaths registered, and four maternal deaths. A 10% miscarriage was estimated, so we multiplied births by 1.1 to estimate pregnancies.
Supply calculations
We calculated the available supply of human resources for MCH care in the 18 health centres selected for this study. We used staff employed and on the job for our supply estimates, excluding vacant positions that might have been sanctioned but were unfilled.
Available work time each year
For each health worker type, we estimated the number of hours worked per year (from our interview data). We multiplied days worked by work hours per day, and subtracted holidays, time away for training, and sick and vacation leave. The number of annual work hours for each cadre totalled 1872, except laboratory workers who work considerably more hours (2384).
Staffing numbers were collected from the facilities in the study. Numbers of staff were multiplied by hours on the job to determine total service hours available for MCH care in the 18 centres.
When health workers had broad responsibilities extending beyond MCH care, we estimated their time spent on MCH as a proportion of their total effort. Physicians were estimated to spend 30% on MCH care, laboratory technicians 10%, staff nurses 40%, lady health visitors 70%, male health workers 40% and female health workers 70%.
Gap and surplus calculations
We subtracted total demand hours from total supply hours to derive the gap or surplus hours available by category of health worker in the 18 centres in the study. We then divided these hours of gap or surplus by the service hours per year a full-time practitioner would be expected to work, to determine the number of health workers required to fill the gap or who were in excess supply. The third step was to calculate the ratio of total supply hours over demand hours to estimate a comparable magnitude of the gap or surplus. Ratios of 1 imply perfect balance, while ratios below 1 indicate gaps and above 1 indicate surplus.
Results
We estimated population and health workforce supply for MCH care in 18 service centres of Ganjam District in Orissa State, India (see Table 1 ). The number of health workers totalled 357, to serve a population of children aged 0-1 of 24 642 and a total population of 1.02 million people. The largest MCH health worker cadre was nurse midwives, while the smallest was laboratory technicians. There were 91 male health workers, 45 medical officers, 21 staff nurses and 16 lady health visitors. Demand calculations, as described in the methods section, were made by (1) adding the time required to conduct each task in a comprehensive package of MCH services, and (2) multiplying it by the appropriate population figures. Supply calculations were made by multiplying the currently available staff hours in each category of worker by the portion of their time devoted to MCH activities. In Table 2 , we illustrate the demand and supply calculations for one category of health worker (auxiliary nurse midwives) for each of the 18 service areas, and produce the gap figures for each. We then show the ratio of staff supply to the staff required, to produce a figure that illustrates the magnitude of the shortage. For example, in the Kodala health facility, the population served would require 49 571 hours of service. The 23 nurse midwives on staff, however, can only offer 30 139 hours of care, and so the gap is 19 432 hours. To staff those hours, 10 more midwives would be required, resulting in a WISN ratio of 0.61 (calculated by dividing supply by demand, or 30 139 by 49 571).
In Table 3 , we illustrate our conclusion that the total demand for the MCH services guaranteed under India's NRHM outpaced supply for every category of health worker, with the exception of lady health visitors. To properly serve the study population of 1.02 million residents in the 18 Ganjam service areas in our study, the health workforce supply should be enhanced by 43 additional physicians, 15 nurses, 9 laboratory workers, 80 nurse midwives and 37 male health workers. Those numbers probably under-estimate the need, as they are added across all 18 service areas, which is unrealistic in that it assumes no geographic barriers. The only over-staffed category is lady health visitors, who number about 2.4 more than needed across the 18 areas.
When the calculations are done by service centre, the Badagada Block upgraded primary health centre has the largest shortfall of staff, requiring an additional 13 FTEs to meet the minimum service guarantees in the NRHM. The WISN ratio for that centre is 0.52, indicating the supply of hours of care is only slightly better than half of that required. The smallest gaps in FTE shortage were found in the smallest facilities, where only one health staffer on duty comprised a minimum fixed service, but in most cases almost a full second FTE would be required to meet the demand.
Discussion
Our investigation explored the capacity of Ganjam District health facilities to meet service guarantees promised by India's NRHM. We used a modified WHO WISN method, focusing only on maternal and child care services for the study population of 1.02 million people. We referred to the service guarantees in the NRHM to create lists of services each type of practitioner was expected to provide, and gathered primary data to determine the time required to deliver each service to the full population. Total demand for MCH care was calculated using population data for our service area. Total supply for MCH care was calculated using secondary staffing data supplied by the clinics in our study area.
Our findings indicate significant shortages in staffing required to meet the service guarantees of the NRHM. If state and national policy makers hope to deliver on NRHM promises, significant improvements in staffing levels for all cadres are required to serve mothers and children well. The 11 laboratory workers serving the million-plus population in our study are particularly stressed (with a ratio of 11% of staff required to meet demands), but doctors are the next most serious shortage category, with a 24% ratio. Staff nurses are not far behind, at 36%. We acknowledge Ganjam has authorized the hiring of 57 additional doctors beyond current staffing levels, but these positions remain vacant (MOHFW 2009 ).
There are limitations to this study. We did not directly calculate time standards of the MCH activities through time/ motion observation, but instead derived time estimates from conversations with practitioners. Actual time requirements could be different from the estimates of practitioners, for a variety of reasons. We conducted the study in an area limited to 18 clinics, with a population limited to a million, and for MCH services only. Other scopes of observation may have generated different conclusions. There may be activities involved in MCH care that we did not capture in our lists, which would understate the gap in service availability.
A strength of the study is that the research team comprised local people trained in a tested method being promulgated by the WHO. Limiting our scope of analysis to MCH services allowed a realistic and objective measure of demand, as births in the study area are routinely and relatively accurately recorded. Supply data were also relatively reliable, as there were good records of existing staff in the service areas we visited.
In the presence of government promises to deliver a minimum package of services, the WISN approach offers a methodology to calculate the expected demand such a package of services should generate. The method then allows calculations of supply based on current staffing levels, and simple subtraction creates information about the gap that exists between promises and delivery capacity. Since the method is Source: Staffing data (for supply figures) were gathered in visits to the facilities named, using a data collection team in Ganjam District, 2008. Demand data were calculated by assigning time standards to each activity expected to be delivered in a guaranteed package of MCH services, and multiplying by the relevant population figures in the service area. Notes: *When supply meets demand, the WISN number is 1.0; when demand exceeds supply, the WISN score falls below 1.0. Severity of shortage or surplus can be measured by the distance from 1.0. PHC ¼ primary health centre; CHC ¼ community health centre; UGPHC ¼ upgraded primary health centre.
built on task aggregation, it allows for easy task substitution between cadres when making comparisons of human resources policy or planning assumptions. Government health planners can use WISN data to consider the magnitude of staffing increases that would be needed to meet service guarantees, with specific staffing information by practitioner cadre. Using salary and training cost data, planners can generate budgets required to fill the gaps. Previous studies of this type have led other jurisdictions to understand how to measure the gap between a policy commitment to an essential package of services and the resources available on the ground, at both local levels and for entire continents (Hossain 1999; Ensor et al. 2002; Kinfu et al. 2009 ).
Our study generated time standards in minutes for each MCH activity promised by the NRHM. These standards could now be applied to other districts in India (time standards are available from the authors upon request). WISN, then, can provide a useful tool for civil society advocates who seek to hold governments accountable for their health service guarantees.
India is exporting doctors to countries around the world, while its own distribution of physicians within country is inadequate to meet its promises to the population (Mullan 2006) . The right to health is universally acknowledged by the WHO (Hagopian 2007; Mills et al. 2008) , and India has taken an important step in adopting the NRHM plan. Significant numbers of new health workers are required to deliver on that plan.
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